Additional index words. fruit abscission, Malus ·domestica, plant growth regulators Abstract. Effects of temperature and the combination of liquid lime sulfur (LLS) and fish oil (FO) applied during bloom on pollen germination and pollen tube growth in flowers and fruit set were examined in apples (Malus ·domestica Borkh.).
. However, blossom thinning results are extremely variable and it is difficult to predict final fruit set because we do not know how environmental factors, especially temperature, affect pollen germination, pollen tube growth, fertilization and fruit set, and optimum timing for application (Fallahi and Willemsen, 2002; Greene, 2002) .
Several reports have documented that temperature is the most important factor affecting pollen germination and pollen tube growth rate in pear (Mellenthin et al., 1972; Vasilakakis and Porlingis, 1985) , sour cherry (Cerovic and Ruzic, 1992) , avocado (Sedgley and Annells, 1981) , and almond (Socias i Company et al., 1976) . In apple, Williams (1970) also studied the influence of temperature on pollen tube growth and ovule longevity, but used only detached flowers of cultivars that are no longer of economic importance to the U.S. apple industry. It has been found that pollen tubes grew more rapidly to the base of styles in ''attached'' flowers than flowers that were detached and placed on artificial media (Yoder and Combs, unpublished data) . Furthermore, temperatures studied by Williams (1970) were lower than typically experienced during the bloom period (7 to 15°C). Better understanding of pollen tube growth after pollination under a wide range of temperatures will facilitate better-informed decisions relative to apple crop load management. The purposes of this investigation were to 1) study the effect of temperature on apple pollen germination and pollen tube growth in styles; and 2) evaluate effects of liquid lime sulfur (LLS) + fish oil (FO) at different times after pollination on apple pollen germination, pollen tube growth, and fruit set in the field.
Materials and Methods
General. All pollination studies were conducted on intact flowers on trees. 'Gala'/ M.9, and 'Golden Delicious'/M.27 trees grown in 19-L root bags (Lacebark Inc., Stillwater, OK) at Alson H. Smith, Jr. Agricultural Research and Extension Center, Winchester, VA. Trees were removed from the orchard early in March and held in a cold room to delay onset of bloom and then forced to bloom in a greenhouse. At late pink stage (just before flowers opened), flowers were selected for the pollination experiment and, 1 d before hand-pollination, all anthers were removed from test flowers to prevent selfpollination. All other flowers on test trees were removed to prevent crosspollination and balance flower distribution on the trees. Selected flowers were tagged for handpollination. Pollen used for experiments was either fresh pollen harvested the year of the experiment or the previous year's pollen stored in a freezer at -12°C. Before use, all pollen was tested for percent germination after 2 h at 21°C on a medium containing agarose (10 g/L), sucrose (100 g/L), and boric acid (10 mg/L) using the methods of Williams and Maier (1977) . Pollen was applied to stigmas with a No. 2 brush. Trees were then placed in temperature-controlled rooms under a high-pressure sodium (HPS) 1000-W lamp (Sunlight Supply, Inc., Vancouver, WA) with irradiance %600 mmolsÁm -2
Ás
-1 at the tree upper canopy for indicated photoperiod, temperature, and lighting conditions. All photosynthetic photon flux measurements were made at the top of the trees with a quantum sensor (LI-190SB; LI-COR Biosciences, Lincoln, NE).
Pollen tube examination. The method of Embree and Foster (1999) was modified to determine pollen germination on the stigmatic surface, number of pollen tubes penetrating through the stigma, and number of pollen tubes that grew to the base of the style. Briefly, flowers were removed from trees at indicated times, placed in a solution of 5% sodium sulfite in labeled glass containers, boiled for 15 min, and then refrigerated until microscopic examination. Fifteen styles from three flowers were detached from the ovary, rinsed with distilled water, and placed in a water-soluble fluorescence solution of 0.01% Aniline Blue stain in 0.067 M K 2 HPO 4 on microscope slides. Styles were then squashed between two microscope slides and allowed to incubate 24 h in the dark at room temperature before examination with epi-ultraviolet light using a Zeiss HBO-50 high-pressure mercury vapor light source (OSRAM GmbH, Ausburg, Germany) at 100·. Collected data included rating of pollen germination/tube growth on the stigmatic surface (0% to 100% of visible stigmatic surface covered), number of visible tubes penetrating the base of the stigma, mean length of the longest pollen tube, mean style length, and number of visible pollen tubes reaching the base of the style.
Expt. 1: Effects of temperature on 'Manchurian' crabapple and 'Golden Delicious' apple pollen tube growth in 'Golden Delicious' pistils. Dormant 8-year-old 'Golden Delicious'/M.27 trees were removed from the orchard in early Mar. 2004, held in a cold room, and then placed in a greenhouse to stimulate growth and blooming. Sixty king flowers at the late pink stage were selected on each tree, tagged, and emasculated. Thirty of the emasculated flowers were pollinated using a brush with 'Golden Delicious' pollen harvested in 2004, and the other 30 flowers were pollinated with 'Manchurian' crabapple pollen harvested in 2003. Remaining flowers on test trees were removed 1 d before handpollination to prevent crosspollination. Trees were randomly assigned into temperaturecontrolled rooms set at constant air temperatures of 13, 18, 24, or 29°C. The light source in the chambers was HPS lamps, as indicated previously, with a 24-h day. Three flowers per single tree per test temperature were collected for each temperature and each pollen source 24, 48, and 96 h after pollination. To validate the technique for fertilization of hand-pollinated flowers, fruit set of 16 pollinated flowers was recorded 24 d after pollination. The styles were processed and stained as indicated previously. The stigmatic surface area covered by pollen tube growth was visually rated on a scale of 0 to 10 in which 0 = no pollen tubes visible on the surface; 1 = 1% to 10% area covered; 2 = 11% to 20%; 3 = 21% to 30%; 4 = 31% to 40%; 5 = 41% to 50%; 6 = 51% to 60%; 7 = 61% to 70%; 8 = 71% to 80%; 9 = 81% to 90%; and 10 = 91% to 100% of surface area covered by pollen tubes. The number of pollen tubes penetrating the stigma, average length of longest pollen tubes in the styles, mean style length, and number of pollen tubes growing to the base of the styles were recorded.
Expt. 2: Effects of selected day/night temperatures on 'Golden Delicious' apple and 'Manchurian' and 'Snowdrift' crabapple pollen tube growth in 'Gala' pistils. Dormant 4-year-old 'Gala'/M.9 trees growing in root bags were removed from the orchard in early Mar. 2005, held in a cold room, and later moved to a greenhouse to force bloom. Fortyfive flowers at the late pink stage were selected on each tree, tagged, and emasculated. The Table 1 . Effects of temperature on tube growth of 'Manchurian' crabapple pollen and 'Golden Delicious' apple pollen in 'Golden Delicious' pistils on tree (2004 y Rating of visible stigma surface area covered by pollen tube growth. Scale 0 to 10: 0 = no pollen tubes visible on the surface; 1 = 1% to 10% area covered; 2 = 11% to 20%; 3 = 21% to 30%; 4 = 31% to 40%; 5 = 41% to 50%; 6 = 51% to 60%; 7 = 61% to 70%; 8 = 71% to 80%; 9 = 81% to 90%; and 10 = 91% to 100% of surface area covered by pollen tubes.
x Fruit set was determined 96 h in the growth rooms and 24 d in the field after pollination. NS, *,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. emasculated flowers were pollinated using a brush with pollen of either 'Golden Delicious' apple or 'Manchurian' or 'Snowdrift' crabapple harvested in 2005. Trees were randomly assigned to day/night temperatures of 7/0, 13/2, 18/4, or 24/7°C. The light source in the chambers was HPS lamps from 0600 to 1800 HR and completely dark from 1800 to 0600 HR. Three flowers were collected from a single test tree for each temperature and pollen source 12, 24, 48, and 96 h after pollination. They were processed and evaluated as indicated previously. Expt. 3: Effects of selected day/night temperatures on 'Golden Delicious' apple and 'Manchurian' and 'Snowdrift' crabapple pollen tube growth in 'Golden Delicious' pistils. Dormant 9-year-old 'Golden Delicious'/M.27 trees growing in root bags were removed from the orchard in early Mar. 2005, held in a cold room, and later placed in a greenhouse. Forty-five flowers at the late pink stage were selected on each tree, tagged, and emasculated. The emasculated flowers were pollinated using a brush with pollen of 'Golden Delicious' apple and 'Manchurian' and 'Snowdrift' crabapples harvested in 2005. Trees were randomly assigned to day/ night temperatures of 7/0, 13/2, 18/4, or 24/7°C
. The light source in the chambers was HPS lamps from 0600 to 1800 HR and completely dark from 1800 to 0600 HR. Three flowers were collected from a single test tree for each temperature and pollen source 12, 24, 48, and 96 h after pollination and processed and evaluated as indicated previously.
Expt. 4: Effects of selected day/night temperatures on 'Manchurian' crabapple pollen tube growth in 'Golden Delicious' pistils. Dormant 10-year-old 'Golden Delicious'/ M.27 trees growing in root bags were removed from the orchard in early Mar. 2006, held in a cold room, and then placed in a greenhouse. Twenty-one flowers at the late pink stage were selected on each tree, tagged, and emasculated. The emasculated flowers were pollinated using a brush with pollen of 'Manchurian' crabapples harvested in 2005. Trees were randomly assigned to day/night air temperatures of 13/2, 18/4, or 24/7°C. The light source in the chambers was HPS lamps from 0600 to 1800 HR and completely dark from 1800 to 0600 HR. Three flowers were collected from a single test tree for each temperature and each pollen source 12, 24, 36, 48, 72, and 96 h after pollination, placed in a 5% sodium sulfite solution, and stored in a refrigerator until processing and assessment as described previously.
Expt. 5: Effects of timing of application of liquid lime sulfur and fish oil on pollen tube growth and fruit set in 'Golden Delicious' apple in the field in 2006. Twelve 10-year-old 'Golden Delicious'/M.27 trees in an orchard row were grouped into four blocks of three trees in a randomized complete block design on 23 Apr. 2006 . Thirty flowers at full bloom stage were tagged on each tree and pollinated with 'Snowdrift' crabapple pollen using a brush; remaining flowers were removed. To prevent additional pollination from natural pollen sources in the field, trees were covered with white insect netting until application of LLS and FO (Crocker's Fish Oil, Inc., Quincy, WA) with a low-pressure hand wand sprayer. One tree in each block was sprayed with the combination of LLS (2%) and FO (2%) 4, 24, or 48 h after pollination. Flowers were sampled 48 h after application of LLS and FO. Pollen germination and tube growth on the stigmatic surface, number of pollen tubes penetrating through the stigma, average length of longest pollen tubes in the styles, mean style length, and number of pollen tubes that grew to the base of the style were determined as described previously. Fruit set of 15 flowers per tree was recorded 35 d after pollination.
Statistical analyses. Growth room Expts. 1 through 4 were conducted and analyzed as completely randomized designs with data from 15 replicate styles per treatment/collection interval. The in-field bloom thinning experiment was conducted as a randomized complete block design with four blocks. Statistical analyses included analysis of variance, Duncan's multiple range test, and regression analysis using Statistical Analysis Systems Software for PC (SAS Inst., Cary, NC).
Results
Expt. 1: Effects of temperature on 'Manchurian' crabapple and 'Golden Delicious' apple pollen tube growth in 'Golden Delicious' pistils, 2004. The rating of pollen tube growth by 'Manchurian' crabapple and 'Golden Delicious' apple pollen on the stigmatic surface of 'Golden Delicious' pistils y Rating of visible stigma surface area covered by pollen tube growth. Scale 0 to 10: 0 = no pollen tubes visible on the surface; 1 = 1% to 10% area covered; 2 = 11% to 20%; 3 = 21% to 30%; 4 = 31% to 40%; 5 = 41% to 50%; 6 = 51% to 60%; 7 = 61% to 70%; 8 = 71% to 80%; 9 = 81% to 90%; and 10 = 91% to 100% of surface area covered by pollen tubes. NS, *,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively.
increased with increasing temperature from 13 to 29°C in the first 48 h after pollination, and rating of pollen tube growth by 'Manchurian' crabapple increased in the first 24 h, but neither was affected by temperature thereafter (Table 1) . There was either a linear, quadratic, or no relationship between the number of 'Manchurian' pollen tubes penetrating through the stigma of 'Golden Delicious' pistils and temperature 24, 48, or 96 h after pollination, respectively. However, the number of 'Golden Delicious' pollen tubes penetrating the stigma of 'Golden Delicious' pistils increased with increasing temperature from 13 to 29°C 24, 48, and 96 h after pollination. Pollen tube growth rate in the style also increased with increasing temperature from 13 to 24°C, but decreased slightly when temperature increased from 24 to 29°C regardless of pollen source (Fig. 1A-B) . Some 'Manchurian' pollen tubes had grown to the base of 'Golden Delicious' styles 24 h after pollination at 24 or 29°C but not at 13 or 18°C. The number of 'Manchurian' pollen tubes growing to the base of the 'Golden Delicious' styles increased quadratically with increasing temperature from 13 to 29°C 48 and 96 h after pollination. On the other hand, no 'Golden Delicious' pollen tube grew to the base of a 'Golden Delicious' style regardless of temperature. Fruit set for 'Golden Delicious' flowers pollinated with 'Manchurian' crabapple pollen was 100% at 18°C and was 75% at the other temperatures. With 'Manchurian' crabapple pollen, fruit set at 13°C was 75%, although it took more than 100 h for the pollen tubes to reach the base of the style at this temperature (Fig. 1A) . None of the 'Golden Delicious' flowers pollinated with 'Golden Delicious' pollen set fruit. Expt. 2: Effects of selected day/night temperatures on 'Golden Delicious' apple and 'Manchurian' and 'Snowdrift' crabapple pollen tube growth in 'Gala' pistils, 2005. Temperature did not affect the rating of 'Golden Delicious' pollen tube growth on the 'Gala' stigmatic surface 12 h after pollination ( Table 2 ). The rating of 'Golden Delicious' pollen tubes on the stigmatic surface increased linearly and quadratically with increasing day/night temperature from 7/0 to 24/7°C 24 and 48 h after pollination, respectively, but it decreased linearly with increasing temperature 96 h after pollination. The rating of 'Manchurian' pollen tube growth on the 'Gala' stigmatic surface increased quadratically with increasing day/ night temperature from 7/0 to 24/7°C 24 and 48 h after pollination, but it was unaffected by temperature 12 or 96 h after pollination. The rating of 'Snowdrift' pollen tube growth on the stigmatic surface increased quadratically with increasing day/night temperature from 7/0 to 24/7°C over the 96-h observation period.
The number of pollen tubes penetrating through 'Gala' stigmas increased with increasing day/night temperature from 7/ 0 to 24/7°C regardless of pollen source, except for the number of 'Manchurian' pollen tubes 12 h after pollination. Pollen tube growth rate in 'Gala' styles also increased with increasing day/night temperature from 7/0 to 24/7°C regardless of pollen source ( Fig. 2A-C) . When day/night temperature was 18/4 or 24/7°C, no pollen tube grew to the base of styles until 48 h after pollination. No pollen tube grew to the base of styles at a day/night temperature of 7/0°C regardless of pollen source and time, whereas it took %96 h for pollen tubes to grow to the base of style at 13/2°C. The number of pollen tubes growing to the base of styles increased with increasing day/night temperature from 7/0 to 24/7°C 48 and 96 h after pollination.
Expt. 3: Effects of selected day/night temperatures on 'Golden Delicious' apple and 'Manchurian' and 'Snowdrift' crabapple pollen tube growth in 'Golden Delicious' pistils, 2005. The rating of 'Golden Delicious' pollen tube growth on the 'Golden Delicious' stigmatic surface increased linearly with increasing day/night temperature from 7/0 to 24/7°C 12 and 24 h after pollination and increased quadratically with increasing temperature thereafter ( Table 3) . The rating of 'Manchurian' and 'Snowdrift' pollen tube growth on 'Golden Delicious' stigmatic surfaces increased quadratically with increasing day/night temperature from 7/0 to 24/7°C over the 96-h observation period. Very few pollen tubes penetrated the stigma of 'Golden Delicious' pistils when day/night temperature was at 7/0°C regardless of pollen source and time. The number of pollen tubes penetrating the stigma increased with increasing day/night temperature from 7/0 to 24/7°C over the 96-h observation period except for the number of 'Manchurian' pollen tubes 12 h after pollination. Pollen tube growth rate in 'Golden Delicious' styles also increased with increasing day/night temperature from 7/0 to 24/7°C regardless of pollen source (Fig. 3A-C) . No 'Golden Delicious' pollen tubes grew to the base of a 'Golden Delicious' style regardless of temperature and time. No 'Manchurian' or 'Snowdrift' crabapple pollen tubes grew to the base of style until 48 h after pollination when day/night temperature was 18/4 or 24/ 7°C. No 'Manchurian' or 'Snowdrift' pollen tubes grew to the base of style at a day/night temperature of 7/0°C, whereas it took %96 h for the pollen tubes to grow to the base of a style at 13/2°C. The number of 'Manchurian' or 'Snowdrift' pollen tubes growing to the base of styles increased with increasing day/ night temperature from 7/0 to 24/7°C 48 and 96 h after pollination.
Expt. 4: Effects of selected day/night temperatures on 'Manchurian' crabapple pollen tube growth in 'Golden Delicious' pistils, 2006. The rating of 'Manchurian' pollen tube growth on the 'Golden Delicious' stigmatic surface, number of pollen tubes penetrating through the stigma, and pollen tube growth rate in styles increased with increasing day/night temperature from 13/2 to 24/7°C over the 96-h observation period (Table 4 ). It took %36 h for 'Manchurian' pollen tubes to grow to the base of styles at a day/night temperature of 24/7 or 18/4°C, whereas 72 h was required for the pollen tubes to grow to the base of styles at 13/2°C. The number of pollen tubes growing to the base of styles increased with increasing day/ night temperature from 13/2 to 24/7°C 36, 48, 72, and 96 h after pollination.
Expt. 5: Effect of timing of application of liquid lime sulfur and fish oil on pollen tube growth and fruit set in 'Golden Delicious' apples in field in 2006. The rating of 'Snowdrift' pollen tube growth on the 'Golden Delicious' stigmatic surface and the number of pollen tubes penetrating the stigma were reduced by application of LLS + FO (Table  5) . Pollen tube growth in styles was inhibited by LLS + FO applied 4 or 24 h after pollination, but was unaffected by LLS + FO when applied 48 h after pollination. Average style length ranged from 6.9 to 7.9 mm. No pollen tubes grew to the base of a style and no fruit set occurred in the 'Golden Delicious' apple trees treated with LLS + FO 4 h or 24 h after pollination. By contrast, there was no difference between the number of pollen tubes growing to the base of styles in the untreated control and LLS + FO applied 48 h after pollination, and 76% of 'Golden Delicious' apple flowers set fruit when pollinated with 'Snowdrift' pollen and treated with LLS + FO 48 h after pollination. Williams (1965 Williams ( , 1970 reported that it takes %5 to 7 d for apple pollen tubes to grow to the base of styles. However, our results showed that temperature affected pollen tube growth rate in the style, thereby influencing the time required for pollen tubes to grow to the base of styles, fertilization, and fruit set. For example, it took only 24 h for 'Manchurian' crabapple pollen tubes to grow to the base of styles at constant temperatures of 24 and 29°C or 48 h at 13 and 18°C. Under various day/night temperature conditions, the time required for pollen tubes to grow to the base also decreased with increasing temperature. Pollen tubes grew very slowly and no pollen tubes grew to the base of styles at 7/0°C regardless of pollen source. Approximately 72 h was required for pollen tubes to grow to the base of styles at 13/2°C, whereas only %36 or 48 h was enough for pollen tubes to grow to the base of styles at 18/4 or 24/7°C. With a daily high and low temperature of %23/10°C, application of LLS + FO 4 or 24 h after pollination under natural field conditions effectively inhibited pollen tube growth, reduced the number of pollen tubes growing to the base of styles, and eliminated fruit set, but the application was not effective when delayed until 48 h after pollination. These data provide further evidence to support the statement that less than 48 h is required for pollen tubes to grow to the base of the style at high day/night temperature. These results suggest that application timing is critical to the success of blossom Table 3 . Effects of temperature on tube growth of 'Golden Delicious' apple pollen and 'Manchurian' and 'Snowdrift' crabapple pollen in 'Golden Delicious' pistils on tree (2005 z Mean of 15 observations. y Rating of visible stigma surface area covered by pollen tube growth. Scale 0 to 10: 0 = no pollen tubes visible on the surface; 1 = 1% to 10% area covered; 2 = 11% to 20%; 3 = 21% to 30%; 4 = 31% to 40%; 5 = 41% to 50%; 6 = 51% to 60%; 7 = 61% to 70%; 8 = 71% to 80%; 9 = 81% to 90%; and 10 = 91% to 100% of surface area covered by pollen tubes. NS, *,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively.
Discussion
thinning because blossom thinners are applied after some, but not all, flowers have been fertilized (Greene, 2002; McArtney et al., 2006; Williams and Edgerton, 1981) . Delaying application by 1 d can result in failure of the bloom thinners because they would have little or no effect on fertilization and fruit set of earlier pollinated flowers.
Research with additional cultivars and other temperatures is needed to establish temperature-based pollen tube growth models to predict optimum timing for growers to spray blossom thinners. The precise mode of action of LLS and FO as a blossom thinner is not clear (McArtney et al., 2006) . LLS or sulfur not only affects pollen germination and increases the percentage of newly opened flowers having no pollen tubes in the style (MacDaniels and Furr, 1930; McArtney et al., 2006) , but also suppresses leaf photosynthesis in apples (Hyre, 1939; McArtney et al., 2006; Noordijk and Schupp, 2003) . In our study, LLS + FO applied 4 or 24 h after pollination inhibited pollen germination and pollen tube growth in the style and resulted in no fertilization and no fruit set. These results suggest that LLS + FO applied over the bloom period causes flower or fruit abscission mainly through inhibiting pollen germination, pollen tube growth in the style, and fertilization. This suggestion is supported by the fact that LLS + FO applied 48 h after pollination had no influence on fruit set, although leaf photosynthesis might also be inhibited by LLS + FO (McArtney et al., 2006 ).
Our results demonstrate that pollen germination on the stigmatic surface and the number of pollen tubes penetrating the stigma comparably increased with increasing temperature after self-or crosspollination in apples. However, the pollen tube growth was arrested in the style and no pollen tube grew to the base of styles after self-pollination in 'Golden Delicious' apples regardless of temperature and time. Consistent failure of 'Golden Delicious' pollen tubes to reach the base of the 'Golden Delicious' styles under the range of conditions tested here raises doubts about the popular perception that 'Golden Delicious' is partially self-fertile. These results are consistent with a previous report that the pollen tube growth is inhibited within the style after self-pollination in apples (De Nettancourt, 1977) . Self-incompatibility of apple is controlled by S-RNase gene encoding ribonucleases, which are located within the S-locus (De Nettancourt, 1977) .
In conclusion, pollen germination on the stigmatic surface, the number of pollen tubes penetrating through the stigma, pollen tube growth rate in the style, and the number of pollen tubes growing to the base of styles increased with increasing temperature in the range tested. The time required for pollen tubes to grow to the base of styles decreased with increasing temperature. LLS + FO applied over the bloom period causes flower or fruit abscission primarily by inhibiting pollen tube growth in the style and fertilization. Better understanding of the effects of temperature on these processes and more attention to actual temperatures during the bloom period will improve the accuracy of postpollination application timing, thereby providing more reliable bloom-thinning results. *** *** z Mean of 15 observations. y Rating of visible stigma surface area covered by pollen tube growth. Scale 0 to 10: 0 = no pollen tubes visible on the surface; 1 = 1% to 10% area covered; 2 = 11% to 20%; 3 = 21% to 30%; 4 = 31% to 40%; 5 = 41% to 50%; 6 = 51% to 60%; 7 = 61% to 70%; 8 = 71% to 80%; 9 = 81% to 90%; and 10 = 91% to 100% of surface area covered by pollen tubes. x Mean separation within column by Duncan's new multiple range test at P = 0.05. w All styles had pollen tubes reaching the base of styles 48 h after pollination. No further evaluations were conducted thereafter. NS, *,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. Table 5 . Effects of timing of application of liquid lime sulfur (LLS) at 2% + fish oil (FO) at 2% on 'Snowdrift' pollen tube growth and fruit set in 'Golden Delicious' apple in the field (2006). .9 a 16.2 a 7.9 a 76.0 a z 'Golden Delicious' apple flowers were pollinated with 'Snowdrift' crabapple pollen; pollen tube growth was determined 48 h after application of LLS and FO, and fruit set was determined 35 d after pollination. y Hours after pollination. x Mean of three observations. w Rating of visible stigma surface area covered by pollen tube growth. Scale 0 to 10: 0 = no pollen tubes visible on the surface; 1 = 1% to 10% area covered; 2 = 11% to 20%; 3 = 21% to 30%; 4 = 31% to 40%; 5 = 41% to 50%; 6 = 51% to 60%; 7 = 61% to 70%; 8 = 71% to 80%; 9 = 81% to 90%; and 10 = 91% to 100% of surface area covered by pollen tubes. v Mean separation within columns by Duncan's new multiple range test at P = 0.05. u Nontreated control trees were inadvertently thinned before fruit set data were recorded.
